Role of PARP in apoptosis induction is complex. It can either increase or decrease apoptosis depending on severity of DNA damage, kinds of agents inducing apoptosis and the cell type. To investigate the mechanism(s) of apoptosis induction at physiological condition of growth by benzamide, an inhibitor of poly (ADP-ribose) polymerase, we have treated leukemic cell line K562 with various doses of benzamide for a particular time point, as well as fixed dose for different time of incubation and measured several apoptotic parameters. We observed that benzamide treatment resulted significant increase of nuclear fragmentation, nucleosomal ladder formation, and activation of caspase-2, caspase-8, caspase-9/caspase-6, caspase-3 in K562 cells. Dose dependent release of cytochrome-c into cytoplasm and translocation of apoptosis inducing factor (AIF) into nucleus was also observed in K562 cells treated with benzamide for 24 h. Increase in nuclear fragmentation and caspase-3 activation were higher in PARP-1 knock down K562 cells, compared to the parental K562 cells after treatment with benzamide, implicating that induction of apoptosis by benzamide is due to inhibition of PARP-1.
Introduction
Poly (ADP-ribose) polymerase (PARP) family consists of 18 members, that Poly (ADP-ribosyl) late their target proteins and can thereby, change the function of the proteins [1] . Poly ADP-ribosylation is one kind of post-translational modification that can play crucial function in various cellular processes such as transcription, replication, cell cycle, telomere metabolism, DNA repair, and also apoptosis. Major amount of poly(ADP-ribosyl)ation reaction in cell is carried out by PARP-1, the well-characterized isoform of PARP. Investigations over the decade using chemical inhibitors of PARP, transgenic mice and cell lines reveal that PARP-1 participates in the recovery of damaged DNA. A large number of nuclear protein, including PARP-1 itself, are poly (ADP-rbosyl)ated, although the biological function of such modification is not very clear [2] .
On the basis of observations that chemical inhibitors of PARP-1 increases the sensitivity of diverse DNA damaging agents, as detected by colony forming ability, PARP inhibitors have been considered as one of potential candidates for tumor treatment, in combination with radiation or alkylating agents like MMS [3] [4] [5] [6] [7] . Synergistic killing effect was observed in hepatocellular carcinoma, when PARP inhibitors applied with chromatin modifying enzymes [8] . PARP inhibitors are in clinical trials for breast cancer treatment with BRCA mutant population [9] . Poly (ADP-ribose) polymerase-1 (PARP-1) has been shown to involve in DNA damage induced apoptosis. But actual role of PARP-1 or poly(ADP-ribosyl)ation reaction in apoptosis is very confusing.
Chemical inhibitors of PARP decrease induction of nucleosomal ladders induced by various agents [10] [11] [12] . On the contrary, oxidant stress and temozolomide induced apoptosis are increased by such inhibition [13, 14] . In view of the anti oxidant properties of the chemical inhibitors, it is difficult to contribute the role of PARP in this process [15] . The role of PARP-1 in the induced apoptosis may depend on the cell type, as well the inducing agents. PARP-1 is one of the major targets of activated caspase-3 [16, 17] , and PARP-1 is cleaved during the early stages of apoptosis. Nucleosomal ladder formation has been shown to be mediated by Ca ++ 
Mg
++ dependent endonuclease DNase1L3, and is inactivated by poly (ADP-ribosyl)ation [18] [19] [20] . Poly (ADP-ribose) chain binds to caspase activated DNase (hCAD/DFF-40), at a specific site in vitro [21] . This implicated that inhibition of poly (ADP-ribosyl) ation may lead to the activation of DNases involved in apoptosis. PARP-2, which is devoid of the DNA binding domain of the PARP-1, has been shown to be the substrate of the activated caspase-8 in nucleus [22] . DNA repair ability in PARP-1 knock out cells, as well as PARP-2 knock out cells is impaired. Even though the knock-out mice for PARP-1 μg/ml), anti-cytochrome c (1:2000) , and anti-AIF (1:1000) were used to react overnight with separated proteins on the membrane in TBS containing 0.05% tween-20 at 4°C.
The blot was washed 4 times with 5.0 ml TBS containing 0.05% Tween-20 (TBS-T), followed by treatment with horseradish peroxidase-conjugate anti-mouse (for caspase-8), and anti-rabbit (for Bid and AIF) immunoglobin G (1:2000 dilution in TBS-T) for 2½ h at room temperature. Alkaline phosphatase (ALP) conjugate antimouse antibody was used (1:2000) for cytochrome C for 2 h incubation at room temperature. The membrane was then washed 4 times with TBS-T and developed using either NBT/BCIP, the substrate for ALP or ECL western blotting detection reagents (Amarsham Biosciences).
Fluorometric determination of caspse-2, caspase-8, caspase-9/6 and caspase-3
Caspase-2, caspase-8, -6/9 and -3 activity assay were performed according to the protocols given by the manufacturers. In short, after treatment with 5 mM benzamide for various time interval or different doses of benzamide for a fixed time of incubation (24 h for caspase-3 and 20 h for caspase-8 and 9, since the caspase-9 and 8 are in the upstream of caspase-3 in apoptosis pathway, we had chosen time points), K562 cells were processed according to the protocol provided by the manufacturers and our earlier study [30] . To check the enzymesubstrate specificity, the inhibitors of the caspases (supplied by the manufacturer of the kits) were used together with their respective substrates during the assay and found inhibited by the inhibitors, showing the specificity of the assays (data not shown).
Detection of cellular NAD +
Estimation of cellular NAD + was carried out spectrofluorimetrically, following the method originally developed for in vitro assay of NAD + , described by Putt and Hergenrother [31] , with slight modification as we did earlier [30, 32] . Exponentially growing cells were treated with 5 mM benzamide for different times of interval (0-48 h) and estimated NAD + .
Immunoblotting of poly (ADP-ribosyl)ated proteins
K562 cells were treated with various doses (0-10 mM) of benzamide for 4 h and Poly (ADP-ribosyl)ation of proteins were detected using ant-PAR antibody as our earlier method [32] .
Comet assay
DNA damage (single stand break) was measured using the alkaline single cell electrophoresis assay, following the method as described by Singh et al. [33] , with slight modification. Comet was observed under a Nikon fluorescent microscope and subjected to image analysis using comet assay software (CASP). DNA damage was quantitated by tail moment measurement, calculated by multiplying the total intensity of the comet tail by the tail length, measured from the centre of the comet head.
Statistical calculations
Each experiment was repeated 3-4 times and the mean of apoptotic parameter, say for example, caspase-3 activity at each dose of benzamide was compared with the mean caspase-3 activity of untreated control in a particular cell type and designated as '*' (p ≤ 0.05), '**' (0.05 ≤ p ≤ 0.01) and '***' (p ≤ 0.001) in graphs or tables. Again, the differences of caspase-3 activity, for example, in K-vector and KsiI cells at each dose were also calculated and the p-values were designated as '#' (p ≤ 0.05).
and PARP-2 are viable, the double knock out for the two enzymes is lethal [23] . Nucleosomal ladder formation studied in cells from one of the three independent knockout mice showed increased nucleosomal ladders [24] . We have shown that benzamide, an inhibitor of PARP, treatment alone induced nuclear fragmentation, nucleosomal ladders, cytochrome-c release and caspase-3 activation in Chinese hamster V79 cells [25] . PARP inhibitors can induce apoptosis in myeloid leukemia cells, but detailed mechanism is not clear [26] .
In the present communication using a human leukemic cell line K562, we have extended our earlier study [25] , to decipher the detailed pathway involved in benzamide induced apoptosis.
Materials and Methods

Chemicals and antibodies
RNase A, benzamide, anti-AIF and anti-beta actin antibody, NBT/ BCIP tablet were obtained from Sigma Chemicals (USA), and Proteinase K was from Life Technologies, USA. Nonidet P40 was obtained from Boeringer Mannheim, Germany. Anti-cytochrome-c were purchased from Santa Cruz Biotechnology (USA), caspase-3 and caspase-6/9 assay kit were from PharMingen (USA). Caspase-2 and caspase-8 assay kits, anti-PAR antibody were procured from ALEXIS Biochemicals, UK. The anti-mouse and anti-rabbit secondary antibodies, both alkaline phosphatase conjugate and horseradish peroxidase conjugate, were purchased from GeNei (India). Antibodies for Bid and the kit for fluorometric detection of caspase-8 were from Chemicon International, USA. Caspase-9/6 assay kit was procured from BD Biosciences (USA). Other molecular biology grade fine chemicals were procured locally.
Cell culture
Human leukemic cell line K562 was obtained from National Centre for Cell Sciences, Pune, India. K562 cells were routinely grown in culture flasks using RPMI medium (Life Technology, USA), supplemented with 10% bovine serum (complete medium) at 37°C in humidified atmosphere containing 5% CO 2 .
Detection of nuclear fragmentation and nucleosomal ladders
Methodology used for nuclear fragmentation and nucleosomal ladders were same as described earlier [25] .
Transfection of K562 cells with the plasmid containing siRNA construct
Western blot analysis for caspase-8, Bid, cytochrome c and AIF Western blot analysis of cytochrome c and AIF was carried out using the methods described by Ghosh et al. [25] . In brief, K562 cells treated with benzamide for 24 h and untreated control cells were harvested, washed twice with PBS, and cytoplasmic extract was prepared using standard method [29] . Anti-caspase-8 (1:200 dilution), anti-Bid (1
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We have used silenced PARP-1 in K562 using the same siRNA construct, as described earlier [27] . Here, the transfection was carried out by electroporation, as described in Basu and Banerjee [28] . The K562 cells transfected with pRNA-U6.1/Hygro vector with siRNA construct was designated as KsiI and the cells transfected with only the vector without siRNA construct was designated as K-vector. Almost 90% reduction of expression of PARP-1 was observed in KsiI cells, as detected by standard RT-PCR, where as K-vector shows same PARP-1 expression as that of untreated control K562 cells.
The significance level for any such apoptotic parameter was calculated using ANOVA with Dunnett's test (SPSS software).
Results
Nuclear fragmentation and nucleosomal ladder induced by benzamide in K562 cells
Benzamide treatment for 48 h increased the nuclear fragmentation in a dose (2.5-10 mM) dependent manner in K562 cells, as detected by the fragmented nucleus under microscope after staining with Hoechst dye. Typical normal nuclei and apoptotic nuclei are shown in the figures 1a and 1b, respectively. Summary of the result is shown in the table 1. Significant increase (p=0.0078) in the nuclear fragmentation was observed in 2.5 mM benzamide treatment for 48 h. At higher doses, the nuclear fragmentation was higher. Time dependent increase of nuclease fragmentation was also observed with 5 mM benzamide treatment, and significant increase was observed at and higher than 24 h (p=0.008), as shown in table 2.
Nucleosomal ladders were increased in a dose dependent manner. A typical experiment for DNA ladder formation in K562 cells by the treatment with various doses of benzamide for 48 h is shown in figure 1C . As shown (lane 2), 2.5 mM benzamide treatment for 48 h increased the nucleosomal ladders appreciably, and at higher doses, the nucleosomal ladders increased further. This result showed that benzamide induced nucleosomal ladders in K562 cells in a dose dependent manner.
Benzamide induced cleavage of procaspase-8 and activation of caspase-8 in K562 cells
Caspase-8 in its inactive form remains as procaspase-8 of 55 KDa in cytosol, and after two-step proteolysis, active form of caspase-8 is produced. In the first step, 55 KDa procaspase-8, is cleaved into 43 P-values were calculated at each dose with respect to untreated control and shown within bracket. We observed caspase-2 activation in K562 cells treated with 5 mM benzamide for various time of intervals as detected by spectrofluorometric measurement, as described earlier. The intensity of activation of caspase-2 increased with the increase of incubation time and significant activation was observed after 6 h treatment with 5 mM benzamide (p=0.0468). The result is shown in figure 3 . Caspase-9/6 activity was increased about 4 fold by 10 mM benzamide treatment for 20 h (p=0.0034), as shown in figure 4a. We had also detected dose dependent increase of caspase-3 activity in K562 cells after 24 h treatment, as shown in figure 4b. Although, there was time dependent increase in caspase-3 activity in K562 cells treated with 5 mM benzamide as shown in figure 4c, the significant increase (p=0.0049) was found after 24 h treatment.
Bid cleavage, cytochrome-C release and translocation of apoptosis inducing factor (AIF) from the mitochondria to the nucleus in K562 cells treated with benzamide
It is known that activated caspase-8 may directly activate the executor caspases-3. It may also cleave the Bid (22 kDa), a pro-apoptotic Bcl-2 family member, and induces cytochrome-c release from mitochondria into cytoplasm, after its truncation by activated caspase-8. To find out the pathway involved in our experiment, we have carried out western blot using anti-Bid antibody. The truncated product, tBid (15 kDa) was not detected in K562 cells treated with benzamide for 20 h, as shown in figure 5a (lower panel). Thus, activated caspase-8 did not cleave the Bid in our experimental conditions.
We investigated the release of cytochrome c into cytoplasm, after 24 h treatment with benzamide. Under the experimental conditions, a small quantity of cytochrome-c was detected in the cytoplasmic fraction in untreated control cells, but there was dose dependent increase of cytochrome-c release in the cytoplasm by benzamide treatment in K562 cells, as shown in figure 5b (lower panel) . The intensities of the bands as calculated using the software ImageMaster indicated that the release of cytochrome-c induced by 10 mM benzamide increased about 7 fold, compared with untreated control cells. This result showed that benzamide treatment also increased the cytochrome-c release to the cytoplasm.
Treatment with 5 mM and 10 mM benzamide decreased AIF in mitochondrial fraction, while increased in the cytoplasmic fraction, as well as nuclear fraction in a dose dependent manner in K562 cells. The result of this experiment is shown in figure 5c . Densitometric analysis of the bands revealed that about 32% and 56% of AIF (considering AIF in mitochondria in untreated cells as 100%) were released from mitochondria (labeled as AIF (mito)), after treatment with 5 mM and 10 mM benzamide, respectively. The concentration dependent increase of AIF in cytoplasmic as well as in nuclear fraction after treatment with benzamide were observed as shown in figure 5c. The blot was stripped and re-probed with anti-beta actin (for cytoplasmic fraction) and antihistone 2B (for nuclear fraction) antibody, showing equal loading of protein in each lane. This result indicated that benzamide treatment induced translocation of AIF from mitochondria to nucleus. We obtained similar result with HeLa cells treated with benzamide (data not shown). Citation
Detection of activation of caspase-2, caspase-9/6 and caspase-3 in K562 cells treated with benzamide 
Induction of nuclear fragmentation and caspase-3 activation in siPARP-1 K562 cells and parental K562 cells after treatment with benzamide
K562 cells were transfected with plasmid containing siRNA construct and selected for the hygromycin resistance, as described in the methods. Resistant clones were pooled and continued to grow in the presence of the hygromycin (100 µg/ml). The cells transfected with vector, with or without siRNA construct, was named as KsiI and K-veector, respectively. The PARP-1 expression in control parental K562 was same as that of K-vector, as shown in lane 2 and 3 in figure  6a Induction of caspase-3 in KsiI cells at different doses of benzamide (0.5, 2, 5 mM) showed significantly higher than that in K-vector as shown in figure 6c. Here, '#' in the figure represented p-values (less than 0.05), calculated with respect to K-vector cells at corresponding doses. For example, caspase-3 activity in KsiI at 0.5 mM (p=0.026) and 2 mM (p=0.000) was significantly higher, compared with K-vector cells treated with the same doses of benzamide, respectively. But, there is no significant caspase 3 activity in K-vector or parental K562 cells treated with 2 mM. Similarly, nuclear fragmentation observed in KsiI cells at each dose was significantly higher than that in K-vector as shown in table 3. The nuclear fragmentation in KsiI at 2.0 mM was significantly (as denoted by '**'(0.001<p ≤ 0.01)), higher than untreated control KsiI, but the increase of nuclear fragmentation in K-vector cells at the same dose 2.0 mM is not significant. Again, nuclear fragmentation in KsiI was found significantly higher than K-vector, at both 2.0 mM and 5.0 mM, as denoted by '#' (0.01<p ≤ 0.05). We have earlier showed 
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. J Biotechnol Biomater S13: 008. doi:10.4172/2155-952X.S13-008 that PARP-1 knock down HeLa cells were significantly sensitive to benzamide treatment, as detected by nuclear fragmentation and caspase-3 activation [29] . Therefore, benzamide induced apoptosis was due to inhibition of PARP-1 and sensitivity of siPARP-1 cells to PARP inhibitor like benzamide, as detected by apoptosis is not cell-type specific event.
Inhibition of poly (ADP-ribosy)lation of proteins in the physiological conditions by the benzamide treatment in K562 cells
It is well known that PARP poly (ADP-ribosy)lates its target proteins, using cellular NAD+ as the substrate. Using the antibody specific for PAR, we observed that a number of proteins were poly (ADP-ribosyl)ated in the physiological condition of growth, and various doses of benzamide treatment (4 h) inhibited such poly (ADPribosyl)ation, in a dose dependent manner, as shown in figure 7 (upper panel). The same blot was stripped and re-probed with anti-beta actin (lower panel) showing equal loading in each lane.
Cellular NAD
+ level was measured using the in vitro method, originally described by Putt and Hergenrother [31] , and adapted for detection of NAD + level in total cell extract. We have earlier showed increase of NAD + level and decrease of poly(ADP-ribosyl)ation in K562 cells treated with benzamide [32] . It is known that N'-methyl-N'-nitro-N-nitrosoguanidine (MNNG) treatment reduce the NAD + pool drastically [34, 35] .
We observed similar decrease in the cellular NAD + pool, and such decrease was inhibited by pre-treatment with benzamide, before MNNG treatment. This observation validated that the similar method can be used for cellular NAD + level detection, and hence, PARP activity. We have determined NAD + pool in K562 cells treated with 5 mM benzamide for different time of interval. We observed that benzamide treatment increased NAD + level in a time-dependent manner. The lowest time point where there was significant (p=0.02) increase in the NAD + level with 5 mM benzamide treatment was 5 h, as shown in figure 8 . The estimated value of the intracellular NAD + concentration in untreated K562 cells (6.7 pmole/mg protein) is similar to what has been published earlier [36] . This result (Figures 7 and 8) showed that benzamide treatment increase the cellular NAD + level, and thus, inhibited PARP in a dose and time dependent manner.
Benzamide induced DNA damage in K562 cells as detected by comet assay
To test whether the apoptosis inducing ability of benzamide was through its ability to induce DNA damage, we determined the DNA damage in K562 cells treated with 5 mM benzamide for various times (0-48 h), by comet assay. Typical picture of comet at different time points 0 h, 6 h and 48 h were shown in I, II and III, respectively in figure 9a. The tail moment was increased in a time dependent manner ( Figure  9b ). This tail moment represents the index of DNA breaks. Benzamide was capable of forming appreciable DNA breaks, leading the cell to start to polarize into head and tail of a comet when electric field was applied. Significant tail moment was observed at and above 6 h treatment of benzamide. 
Discussion
In the present communication, we showed that benzamide treatment alone increased nuclear fragmentation, nucleosomal ladders, caspase-2, caspase-8, caspase-9/6 and caspase-3 activity in K562 cells in a dose and time dependent manner. Further, such treatment increased the cleavage of pro-caspase-8, release of cytochrome-c in cytoplasm, and translocation of AIF from the mitochondria to nucleus. There was no cleavage of Bid. This result showed that benzamide triggered the "intrinsic" (mitochondria mediated), as well as "extrinsic" (caspase-8 mediated) pathway of apoptosis in K562 cells. Time dependent increase of the comet tail, and hence, tail moment by 5 mM benzamide indicating that benzamide directly or indirectly induced DNA damage. Out of these whole apoptotic parameters, the significant earliest event was inhibition of poly (ADP-ribosyl)ation of cellular protein, as detected by NAD + assay (5 h) and western blot using anti-PAR antibody (4 h). Furthermore, benzamide treatment increased nuclear fragmentation and caspase-3 activation significantly higher in KsiI cells, in comparison with the parental K-vector cells.
We reported earlier that benzamide treatment increased apoptosis in Chinese Hamster V79 cell [25] . We also observed that nuclear fragmentation and caspase-3 activation in PARP-1 knock down HeLa cells was significantly higher than parental HeLa cells [30] . Thus, the observed induction of apoptosis by benzamide was not cell-type specific. Here, comparisons of all the events in time frame showed inhibition of poly(ADP-ribosyl)ation (4 h), significant increase in NAD + level (5 h), tail moment in comet assay (6 h), activation of caspase-2 (6 h), caspage-8 (9 h), caspase-3 (24 h), and induction of nuclear fragmentation ( Table 2 , 24 h) indicated that benzamide treatment decreased poly (ADP-ribosyl)ation of unidentified proteins that led to DNA damage, activation of caspases, release of cytochrome c and translocation of AIF to nucleus, and nuclear fragmentation in our experimental conditions. So, the whole apoptotic cascades were originated from inhibition of PARP in cells.
The classical theory of 'intrinsic apoptosis' tells that intracellular stress induces to activate pro-apoptotic genes of Bcl-2 family proteins, making the mitochondrial membrane porus, which leads to release of cytochrome c from mitochondria. This cytochrome c can bind to Apaf-1 to form apoptosome, which activates caspase-9 by the cleavage of pro-caspasse-9, and subsequently, caspase-3 gets activated, followed by activation of DNAses. Here also, we found release of cytochrome c, activation of caspase-9, caspase-3, but how inhibition of ADPribosylation triggers this cascade was not known. We do not know the protein(s) whose inhibition of poly (ADP-ribosyl)ation triggers apoptosis. But, there are some DNases such as Ca 2+ /Mg 2+ -dependent endonuclease (e.g DNAS1L3), which can be activated upon inhibition of poly(ADP-ribosyl)ation [18] [19] [20] [21] . Possibly, such kind of DNases gets activated after treatment with benzamide that resulted DNA breaks, as observed in our cases as detected by comet assay (6 h). This DNA breaks because it has been shown earlier that cytotoxic stress causes activation of caspase-2, followed by mitochondrial membrane permeabilization, to release cytochrome-c [37] .
The 'extrinsic pathway' of apoptosis means extracellular signal comes into cells through death receptor proteins that lead to activate caspase-8, which eventually activates downstream caspases like caspase-3. Here also, we observed activation of caspase-8 after treatment with benzamide. How pro-caspase-8 was turned into active caspase-8 by benzamide treatment is unclear. Whether, caspase-8 was poly (ADPribosy)lated in the physiological condition of growth and remains inactivated, is to be tested. It is known that PARP-1 is necessary for the release of AIF from the mitochondria to the cytoplasm, and subsequently to the nucleus, and its activation to cleave the chromosome into nuclear fragmentation [38] . However, in our experimental conditions, where basal level PARP was inhibited by benzamide; translocation of AIF into nucleus was facilitated. It has been observed that release of AIF from mitochondria is interconnected with the activation of caspase-3 in FAS/APO-1/CDC and ceramide induced apoptosis. On the basis of this observation, it has been proposed that caspase-8 may in some experimental conditions affect the release of AIF [39, 40] . Bid was not cleaved in our experimental condition. In this scenario, how cytochrome-c release was facilitated is unclear. As discussed above, activation of caspase-2 might lead to the release of cytochrome-c. It has been known that the release of AIF may influence the release of cytochrome-c, and thus, upstream to the cytochrome-c release [40] . Alternatively, as discussed below, benzamide treatment typically induce the apoptosis mediated through DNA damage response [41] .
The concentrations of benzamide that inhibit PARP activity in vitro by 50% (IC50) varies from 1.3 µM to 22 µM [42, 43] , but we have used about thousand fold higher than that (2.5 mM to 10 mM). Intracellular concentration of benzamide in our experimental condition is not known. However, it has been shown in human fibroblast cells that an extra cellular benzamide concentration of 1 mM gave intra nuclear concentrations of 4-8 µM [44] . Thus, even though we have used mM concentrations of benzamide in growth medium, the intracellular concentrations of benzamide might be in the µM ranges.
It is not possible to indicate the specific member of the PARP family that had been inhibited by benzamide inducing the effects. Given the known role of PARP-1 and PARP-2 in the recovery of damaged DNA and alteration of large number of genes in PARP-1 (-/-) cells [45, 46] , it is likely that the observed effect could be due to PARP-1inhibition by benzamide, since in our experiment with K562 cells, where the expression of PARP-1 was specifically reduced by siRNA, the increase in the nuclear fragmentation as well as caspase-3 activity induced by benzamide treatment were higher in comparison to the parental K562 cells. Actually the role of PARP in apoptosis is very complex, and it can act like a double-edged sword. Hyper-activation of PARP-1, generally due to huge DNA breaks, severely depletes ATP pool, resulting necrotic death of cells. Moderate activation of PARP-1 generally helps DNA repair in cells. That is why PARP inhibitors could be used as chemosensitizer or radio-sensitizer. The PARP inhibitor like iniparib, oliparib are capable of inducing apoptosis, and now-a-days such PARP inhibitors are used in clinical trial for treatment with cancer having BRCA1/2 mutants [47, 48] . Hence, PARP inhibitors are lethal to the BRCA mutant breast cancer as single agent or as chemo-sensitizer [49] .
Conclusion
Benzamide treatment inhibited poly(ADP-ribosyl)ation of unknown proteins that triggered DNA breaks in the cells, and subsequently, induced caspase-2 and cytochrome c release in cytoplasm. Either caspase-2 activation or DNA induced cytochrome c release which facilitated AIF translocation into nucleus and caspaseindependent apoptosis. Release of cytochrome c induced apoptosis by classical way through activation of caspase-9/6, followed by caspase-3 and nuclear fragmentation. Caspase-8 activation also induced caspase-3 and subsequently, down-stream cascades in our experimental condition, although mechanism of activation of caspase-8 is not clear. The proposed pathway of apoptosis induced by benzamide was shown schematically in figure 10 . Citation: Ghosh U, Bhattacharyya NP (2013) Induction of Apoptosis by Benzamide in K562 Cells Was Triggered by Inhibition of Poly(ADPribosyl)ation of Protein(S). J Biotechnol Biomater S13: 008. doi:10.4172/2155-952X.S13-008
